assembled today in the latest and most energetic phase of hierarchical structure formation and should dissipate energies through merger shocks and magnetic turbulences, which are likely to accelerate particles [1] . They are also home of different types of energetic outflows from powerful sources such as radio galaxies [2] and supernova-driven galactic winds [3] . Furthermore, galaxy clusters present very high mass-to-light ratio and could contain large amount of DM with substantial substructures. Thus γ-rays from DM annihilation or decay is expected [4] . However, the very diffuse nature of the DM signal in clusters, likely dominated by astrophysical sources, is very challenging for the current VHE γ-ray telescopes.
Excluding bright compact sources (AGN, GRB, supernova), the dominating γ-ray emission should result from the decay of π 0 produced by hadronic cosmic ray (CR) interactions with the intra cluster medium (ICM). The Perseus cluster, at a distance of 78 Mpc (z = 0.018), has been identified as the most promising target to detect CR-induced γ rays in galaxy clusters. It is the brightest cluster in X-ray [5] , hosting a massive cooling core with high central gas densities of 0.05 cm 3 [6] . This gas provides high target density for hadronic CR interactions and enhances the resulting γ-ray flux from secondary π 0 . Furthermore, it hosts a luminous radio mini-halodiffuse synchrotron emission of relativistic electrons -with an extension of 200 kpc [7] . This mini-halo can be nicely explained with the 'hadronic model' [8] , in which the radio-emitting electrons are secondary particles of hadronic CR-ICM interactions. Additionally, the Perseus cluster harbors powerful radio galaxies strongly interacting with the ICM, such as the central galaxy NGC 1275 and the head-tail radio galaxies NGC 1265 and IC 310. Two of these radio galaxies have been recently discovered in high energy γ rays with MAGIC and Fermi-LAT (IC 310 [9] [10] and NGC 1275 [11] [12])
MAGIC OBSERVATIONS
The Perseus cluster has been observed at VHE with VERITAS [13] and MAGIC-I (single telescope) [14] for CR, DM and radio-galaxy study purposes but no detection was reported. Here we discuss the recent MAGIC observation taken in stereoscopic mode from 2009 to 2011. This observation is split in two distinct campaigns. The first one, carried out between October 2009 and February 2010 during the commissioning of the second telescope, collected 39 h of effective time. The second campaign was conducted in standard stereo-observation between August 2010 and February 2011 (46 h). The evolving hardware settings during the commissioning phase makes the data analysis of the first campaign more difficult, in particular at energies close to the trigger threshold (50-100 GeV). Fig. 1 -L shows the skymap of the Perseus cluster above 150 GeV obtained by the combination of the two campaigns. Two point-like sources (NGC 1275 and IC 310) are clearly detected. Their angular distance is much larger than the angular resolution ( 0.1 AE ) and they can be easily studied independently without cross-contaminations.
NGC 1275
The central radio galaxy NGC 1275 was first detected in GeV γ-rays with the Fermi-LAT [12] , during the first 4 months of all-sky survey. Subsequent observations revealed week-scale variability of the flux [15] . The energy spectrum between 100 MeV and 100 GeV is well described by a power law with an index of 2.1, and an exponential cutoff at a few tens of GeV. MAGIC detected the source for the first time at VHE in 2010 during the second campaign [11] . An improved analysis of the data collected in the first campaign, allowed us to detect NGC 1275 also during this earlier period. The obtained mean flux and spectral index are very similar to those measured one year later. The monthly light curve (LC) of both periods is reported in the top panel of Fig. 1-R . It is compatible with a constant flux but shows hints of variability. LC at other wavelengths are also reported in Fig. 1-R . The weekly LC of Fermi-LAT shows a clear variability which is not correlated with the MAGIC LC features. However LC in radio, optical and GeV γ-rays have a similar trend with an increasing flux during the period. The rapid variability of NGC 1275 strongly suggests that the γ-ray emission is coming from the inner part of the compact AGN at the center of the galaxy. In fact, most of the radio increase comes from a compact blob (so-called C3 [16] ) which is likely at the origin of the γ-ray emission.
IC 310
Originally classified as a head-tail radio galaxy, IC 310 has been surprisingly detected with Fermi-LAT [10] and MAGIC [9] . The origin of the hard γ-ray emission is more likely close to the active nucleus. A re-analysis of the first MAGIC campaign proves the day-scale variability at VHE and confirms the blazar-like nature of the source. The daily LC and multi-frequency studies are presented elsewhere in these proceedings [17] .
CR-ICM INDUCED SIGNAL
Cosmological simulations of galaxy clusters showed that γ-ray emission induced by CR-ICM interactions should obey a universal spectrum with an index of 2.2 at TeV energies [18] . Being much harder than the NGC 1275 AGN spectrum at VHE, one can expect that the CR-induced signal dominates at the highest energies. A search of such a hard emission has been performed using all available stereo MAGIC data, but no signal was detected [19] . The flux upper limit above 1 TeV is 20% below the signal expected by a model assuming a 50% CR acceleration efficiency at structure formation shocks. This constrains the CR acceleration efficiency or suggests the presence of non-negligible CR propagation out of the cluster core [14] . The average CRto-thermal pressure ratio is constrained to 1-2%. Assuming the hadronic model of the radio mini-halos, the central cluster region must have minimal magnetic field ranging from 4-9 μG for producing the measured synchrotron emission in radio without exceeding the 1 TeV upper limit. This limit is compatible with observed magnetic fields in galaxy cluster [20] .
